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An automatic tracking collision avoidance method has fol-
lowing steps: taking images in front of an origin vehicle by at
least two photograph units; the images delivering to a calcu-
lation assembly, to transform the images from three primary
colors images to grey images; having a relative vehicle speed
of the front vehicle corresponded to the original vehicle
according to the grey images; and according to the grey
images the calculation assembly having a relative vehicle
speed that the front vehicle corresponded to the original
vehicle; the calculation assembly having a safe distance
according to the relative vehicle speed, if the safe distance is
great than a distance that between the original vehicle and the
front vehicle, an alarm module generating an alert signal.
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1
AUTOMATIC TRACKING COLLISION
AVOIDANCE SYSTEM AND METHOD
THEREOF

CROSS REFERENCE TO RELATED
APPLICATION

This application also claims priority to Taiwan Patent
Application No. 103138799 filed in the Taiwan Patent Office
on Nov. 7, 2014, the entire content of which is incorporated
herein by reference.

TECHNICAL FIELD

The present disclosure relates to an automatic tracking
collision avoidance system and method thereof, and more
particularly, to a tracking collision avoidance system and
method thereof capable of keeping a safe distance between an
origin vehicle and another vehicle in front of the origin
vehicle.

BACKGROUND

In our daily life, the use of vehicles is becoming a very
common operation while corresponding the risk of all sort of
traffic dispute is increasing. Therefore, there are more and
more vehicles to be equipped with a vehicle camcorder for
providing video evidence in an accident or dispute.

A vehicle camcorder is used primarily for recording the
traffic in front and/or behind a driving vehicle, and thereby, if
an accident occurred, the related video from the vehicle cam-
corder can be used as a circumstantial evidence material for
the accident.

Although all the traffic conditions surrounding a driving
vehicle can be recorded by the vehicle camcorder mounted
thereon and the recorded video can be used as direct proofto
an accident, only information after a vehicle crash or accident
is recoded but there is no way of providing any warning prior
to the vehicle crash or accident. Consequently, there are dif-
ferent kinds of early warning systems being developed.

Nevertheless, in the operation of one of those early warning
systems, an alarm can be issued at any time and may come as
a surprise to the driver as the driving status of a vehicle having
the early warning system mounted thereon is not included in
the calculation logic of the early warning system, and thus the
driver may be shocked and can’t respond to the alarm in time
for preventing accident. Therefore, it is in need of an
improved early warning system.

SUMMARY

In an embodiment, the present disclosure provides an auto-
matic tracking collision avoidance method, comprising the
steps of: taking images in front of an origin vehicle by at least
two photograph units; delivering the images to a calculation
assembly for transforming the images from images of three
primary colors to grey-level images; obtaining a relative
vehicle speed ofthe front vehicle corresponded to the original
vehicle according to the grey-level images; and enabling the
calculation assembly to calculate and obtain a safe distance
according to the relative vehicle speed, while making an
evaluation to determining whether the safe distance is great
than a distance between the original vehicle and the front
vehicle, if so, enabling an alarm module to generate an alert
signal.
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In another embodiment, the present disclosure provides an
automatic tracking collision avoidance system, which com-
prises:

an on-board module; and

a calculation assembly, connected to the on-board module

for signal transmission, further comprising:

an image capturing module, having at least two photo-
graph units;

an image processing module, connected to the image
capturing module for signal transmission, and further
comprising:

a grey-level processing unit, connected to the image
capturing module for transforming an image of
three primary colors that is received from the image
capturing module into a grey-level image;

an alignment unit, connected to the grey-level pro-
cessing unit for performing a level calibration pro-
cess and a background light calibration process
upon the image of three primary colors while trans-
mitting the calibrated image of three primary colors
to the grey-level processing unit;

and

an edge detection unit, connected to the grey-level
processing unit for detecting and obtaining image
edges according to the grey-level image;

a calculation module, connected to the on-board module
and the image processing module, and further com-
prising:

a depth calculation unit, connected to the edge detec-
tion unit for calculating and thus obtaining a depth
value and a disparity according to the detected
image edges;

a tail-light detection unit, connected to the depth cal-
culation unit for calculating and thus obtaining a
front-vehicle-tail-light depth value according to the
depth value; and

a distance conversion unit, connected to the tail-light
detection unit for calculating and thus obtaining an
actual distance and a vehicle speed;

and

an alarm module, connected to the calculation module
for generating an alarm signal in a condition when the
actual distance is smaller than a safe distance.

Further scope of applicability of the present application
will become more apparent from the detailed description
given hereinafter. However, it should be understood that the
detailed description and specific examples, while indicating
exemplary embodiments of the disclosure, are given by way
of illustration only, since various changes and modifications
within the spirit and scope of the disclosure will become
apparent to those skilled in the art from this detailed descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure will become more fully understood
from the detailed description given herein below and the
accompanying drawings which are given by way of illustra-
tion only, and thus are not limitative of the present disclosure
and wherein:

FIG. 1 is a schematic diagram showing an automatic track-
ing collision avoidance system according to an embodiment
of the present disclosure.

FIG. 2 is a flow depicting steps performed in an automatic
tracking collision avoidance method of the present disclo-
sure.
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FIG. 3 is a diagram depicting relationship between depths
at different points in an image.

FIG. 4 is a schematic diagram showing the relationship
between an origin vehicle and the tail light of another vehicle
in front of the origin vehicle.

FIG. 5 is a schematic diagram showing the relative speed
between two vehicles.

DETAILED DESCRIPTION

In the following detailed description, for purposes of
explanation, numerous specific details are set forth in order to
provide a thorough understanding of the disclosed embodi-
ments. It will be apparent, however, that one or more embodi-
ments may be practiced without these specific details. In other
instances, well-known structures and devices are schemati-
cally shown in order to simplify the drawing.

Please refer to FIG. 1, which is a schematic diagram show-
ing an automatic tracking collision avoidance system accord-
ing to an embodiment of the present disclosure. As shown in
FIG. 1, the automatic tracking collision avoidance system
comprises: an on-board module 1, a calculation assembly 2
and a memory module 3.

The on-board module 1 can be mounted on an origin
vehicle, and is composed of: a data collector 10 and a data
transceiver 11 in a manner that the data collector 10 is con-
nected to a trip computer of the origin vehicle for collecting
vehicle information, such as speed of the origin vehicle; and
the data transceiver 11 is connected to the data collector 10 for
transceiving the vehicle information. It is noted that the data
transceiver 11 can be a blue-tooth device or a WiFi device.

The calculation assembly 2 comprises: an image capturing
module 20, an image processing module 21, a calculation
module 22, an alarm module 23 and a brake control module
25.

The image capturing module 20 further comprises: at least
two photograph units 200 and a temporary storage unit 201,
whereas the image capturing module 20 can either be
mounted at the front or at the rear of the origin vehicle. In this
embodiment, the image capturing module 20 is mounted at
the front of the origin vehicle. Moreover, the temporary stor-
age unit 201 is connected to the at least two photograph units
200 so as to store the images captured by the at least two
photograph units 200 in a temporary manner while the cap-
tured images are waiting to be processed by the image pro-
cessing module 21.

The image processing module 21 that is connected to the
image capturing module 20 is composed of a grey-level pro-
cessing unit 210, an alignment unit 211 and an edge detection
unit 212.

The grey-level processing unit 210 is connected to the
image capturing module 20 for transforming an image of
three primary colors, i.e. Red, Green and Blue, that is received
from the image capturing module 20, into a grey-level image.

The alignment unit 211 is connected to the grey-level pro-
cessing unit 210 for performing a level calibration process
and a background light calibration process upon the image of
three primary colors while transmitting the calibrated image
of'three primary colors to the grey-level processing unit 210.

The edge detection unit 212 is connected to the grey-level
processing unit 210 for detecting and obtaining image edges
according to the grey-level image.

The calculation module 22 is connected to the on-board
module 1 and the image processing module 21, and further
comprises: a depth calculation unit 220, a tail-light detection
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unit 221, a front-vehicle distance measurement unit 224, a
distance conversion unit 222, and a front-vehicle distortion
calibration unit 223.

The depth calculation unit 220 is connected to the edge
detection unit 212 for calculating and thus obtaining a depth
value and a disparity according to the detected image edges.

The tail-light detection unit 221 is connected to the depth
calculation unit 220 for calculating and thus obtaining a front-
vehicle-tail-light depth value according to the depth value.

The front-vehicle distance measurement unit 224 is con-
nected to the front-vehicle distortion calibration unit 223 and
is used for detecting and thus obtaining a front-vehicle dis-
tance between the origin vehicle and a vehicle in front of the
origin vehicle while transmitting the front-vehicle distance to
the front-vehicle distortion calibration unit 223, whereas the
front-vehicle distortion calibration unit 223 is used for per-
forming a distance calibration process upon the front-vehicle
distance so as to obtained a calibrated front-vehicle distance.
It is noted that the front-vehicle distance measurement unit
224 can be an ultrasonic range finder or a laser range finder.

The distance conversion unit 22 is connected to the front-
vehicle distortion calibration unit 223 and the tail-light detec-
tion unit 221, by that the distance conversion unit 222 is
enabled to receive the calibrated front-vehicle distance for
allowing the same to obtain an initial value according to the
calibrated front-vehicle distance. Moreover, the distance con-
version unit 222 is enabled to calculate and obtain the actual
speed of the front vehicle and the actual distance between the
origin vehicle and the front vehicle according to the initial
value and the front-vehicle-tail-light depth value.

The alarm module 23 is connected to the calculation mod-
ule 22, and is composed of: an audio unit 230 and a display
unit 231.

The brake control module 24 is connected to the alarm
module 23, and is used for issuing a brake signal to the trip
computer.

The memory module 3 is connected to the image capturing
module 20 and the calculation module 22, whereas the
memory module 3 can be a memory, a hard disk drive, or a
memory card.

Please refer to FIG. 2, which is a flow depicting steps
performed in an automatic tracking collision avoidance
method of the present disclosure. As shown in FIG. 2, the
automatic tracking collision avoidance method of the present
disclosure comprises the steps of: S1, S2, S3, S4, S5 and S6,
as described hereinafter.

In step S1, before an origin vehicle is being started, the
front-vehicle distance measurement unit 224 is enabled for
detecting and thus obtaining a front-vehicle distance between
the origin vehicle and a vehicle in front of the origin vehicle
while transmitting the front-vehicle distance to the front-
vehicle distortion calibration unit 223; and the front-vehicle
distortion calibration unit 223 is enabled for receiving the
front-vehicle distance to be used in a distance calibration
process so as to obtained a calibrated front-vehicle distance
while transmitting the calibrated front-vehicle distance to the
distance conversion unit 222; and the distance conversion unit
222 is enabled to perform a calculation according to the
calibrated front-vehicle distance for obtaining an initial
value.

The image capturing module 20 is composed of at least two
photograph units 200 that are to be used for capturing images
in front of the origin vehicle. In this embodiment, there are
two such photograph units 200 mounted at the front of the
origin vehicle so as to capturing front images at different
angles.
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Thereafter, the front images that are originally RGB
images are transmitted to the grey-level processing unit 210
to be transformed into grey-level images. At the same time,
the grey-level processing unit 210 also transmits the received
RGB images to the alignment unit 211 for allowing the same
to perform a level calibration process and a background light
calibration process upon the RGB images of three primary
colors and then transmit the calibrated RGB images back to
the grey-level processing unit 210 to be transformed into
grey-level images. In an embodiment, the RGB images of
three primary colors is transformed into grey-level images
using the following formula:

Grey=0.299xRed+0.58 7xGreen+0.114xBlue.

Thereafter, the grey-level images are transmitted to the edge
detection unit 212 where they are processed for edge detec-
tion.

In an embodiment, the edge detection of the edge detection
unit 212 is performed using a Sobel operator, which is a
discrete differentiation operator for computing an approxi-
mation ofthe gradient of the image intensity function. At each
point in the image, the result of the Sobel operator is either the
corresponding gradient vector or the norm of this vector. The
Sobel operator is based on convolving the image with a small,
separable, and integer valued filter in horizontal and vertical
direction and is therefore relatively inexpensive in terms of
computations.

The operator uses two 3x3 kernels which are convolved
with the original image to calculate approximations of the
derivatives—one for horizontal changes, and one for vertical.
If we define A as the source image, i.e. one of the aforesaid
grey-level images, and G, and G, are two images which at
each point contain the horizontal and vertical derivative
approximations, the computations are as follows:

10 -1
20 -2
10 -1

Gy = %A,

-1 -2 -1
0 0 0
12 1

Gy = ® Al

At each point in the image, the resulting gradient approxima-
tions can be combined to give the gradient magnitude, using:

-~ 2 e
GVGAG.

Using this information, we can also calculate the gradient’s
direction:

G
0= arctzu-(—y].
Gy

where, for example, © is 0 for a vertical edge which is lighter
on the right side, and © is x for a vertical edge which is lighter
on the left side. Thereby, by the gradient magnitude of the
Sobel operator, an algorithm can be designed for determining
the location of an edge in an image.

The result of edge detection from the edge detection unit is
transmitted to the depth calculation unit 220 to be used as a
base in a calculation of disparity and depth perception for
obtaining a depth value and a disparity accordingly.

Please refer to FIG. 3, which is a diagram depicting rela-
tionship between depths at different points in an image. In
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FIG. 3, the system of the present invention has two photo-
graph units C1 and C2, that are arranged at the left corner and
the right corner respectively, arranged apart from each other
by a distance b, while each is being designed with a focal
length f, and the front vehicle is located at position P. Accord-
ingly, the formula of the disparity is as following:

Xl=7Z,
X =2z
=55
X, - X, =b
Tz Mz
!
by
x—x) D
D=X -X,
where,

Z is a depth value, representing the distance between the
origin vehicle and the front vehicle or even the depth of
field (DOF);

X, and X, are respectively the relative horizontal distances
of C2 and C1 to the front vehicle P;

D is the disparity.

In an image processing based upon pixel whereas 1 cm equals
to about 38 pixels, the depth value d can be obtained accord-
ing to the corresponding disparity D.

The depth value is obtained using a semi-global block
matching (SGBM) algorithm, which includes the following
calculations: a matching cost calculation; a path calculation;
a calculation of sum over paths in all directions; and a calcu-
lation of choose minimum path and get disparity. The match-
ing cost calculation is performed using the following formu-
las:

Clp.d) = min{ max{0, I.(p) = IRmax> Irmin — IL(P)}, }

max{0, Ir(p = d) ~ lpmaxs Imin — Ir(p — )}
I(p-1)+1(p)
o ,
I(p-1)+1(p)
o ,
Ig(p—d-1)+Ig(p-d)
B S—
IR(P—d)+1R(P—d+1)}
2
Ig(p—d-1)+Ig(p-d)
—_—
IR(P—d)+1R(P—d+1)}
2

I(p)+1(p+ 1)}
2

I(p)+IL(p+ 1)}
2

1(p)s

Iimax = max{

1(p),

Limin = min{
I = max{
Ir(p-4a),
min = minf

Ir(p—d),

wherein,

C(p,d) represents the cost function of a left and/or a right
image;

1; and I, are respectively the grey-level functions of a left
and/or a right image relative to a baseline;

1, and Iz, are respectively the minimum grey-level
functions of a left and/or a right image relative to a
baseline;

P, 1s the coordinate in x direction;

d represents the disparity.



US 9,399,463 B2

Clps, py d) = min

Py—l=py=py+l px—lspx=px+1

{ max{0, Ir.(Px, Py) = LRmax> IRmin = 1L(Pxs Py)}
max{0, Ig(px —d. Py) = Itmaxs lmin — IR(Px — d, py)}

b

1L(px = 1, py) + IL(px. Py)
3 ,

Tmax = max{

1L(px, py) + IL(px + 1, py)}
2

1L.(px, py),

. (1lps =1, py) +I(ps, py)
Iimin = rmn{ a 2 = 1 (Pes Py)s

2

1.(px, py) +1(px + 1, py)}
2

Ir(px =1, py) + Ir(ps = d, p))
2

e = ma{ Ir(pe = ds py),

Ig(px —d, py) +Ir(px —d + 1, py)}
2

Ip(px—d =1, py) + Ig(px = d, py)

TRmin = min{

> ,
In(px=d, py)+Ir(px —d + 1, py)
In(pe = d, py), — =)
wherein,
1 e @and I, . are respectively the maximum grey-level

functions of a left and/or a right image relative to a
baseline;

p,. is the coordinate in x direction;
p, is the coordinate in x direction.

From the above description, it is noted that although the
matching cost is calculated and obtained based upon the
design of block, erroneous coefficients are still a possibility,
especially when the image area being processed is poor in
texture or fuzzy. Therefore, a semi-global matching algorithm
is adopted for optimizing the aforesaid matching cost. In this
optimization, L (p-r) represents the path value of a pixel
located in front in r direction; P1 is a punish value represent-
ing the change of disparity d; P2 represents the discontinuous
of the disparity; and Ad represents the minimum change in a
pixel. Thereby, the path value is calculation using the follow-
ing formula:

L(p-r,d-1)+Pl,
L(p-r,d)+Pl,
Lip,d)=Clp.dymin 1 oy yy, py |~ (minL,(p—r. )

minL,(p—r, )+ P2
i

Accordingly, in an embodiment, the path calculation of the
present disclosure can be performed in four directions, i.e. 0°,
45°,90°, and 135°. The path calculation includes the follow-
ing two steps: (1) selecting the minimum of the following four
values: the value of d-1 in prior direction, the value of d of
current direction, the value of d+1 with P1; (2) adding the
selected minimum with the current matching cost C(x,d)
while subtracting the minimum path value of the prior direc-
tion. Accordingly, the path calculation can be performed
using the following formulas:
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Le(x—r,d=1)+P1,
Loe(x—r,d)+PlL,
Lotx, d)=Clxd)y+minl a1 4 pl, —(ngnLoa(x—r, i))

minLye(x —r, i)+ P2

Lyse(x—r,d—1)+Pl,
Lyso(x—r, d)+ P,
Lyso(x—r,d+ 1)+ Pl,
m‘_inl45e(x—r, N+ P2

Liso(x, d) = C(x, d) + min - (m_inl45° (x—r, i))

Lope(x—r,d—1)+Pl,
Loge(x —r, d)+ P1,
Loge(x—r,d+1)+Pl,
m‘_inLgoe(x—r, N+ P2

Lo (x, d) = C(x, d) + min - (m_inLgoe (x—r, i))

Lizse(x—r,d—1)+ Pl,
Lisse(x—r, d)+ P1,
Lisse(x, )= Cwdyeminl p oy py |- (minLissGe= )

m_inL135e(x —-r, i) +P2
i

During the optimization of the matching cost, after the
pixel values of different directions are obtained according the
aforesaid calculation, they are added together using the fol-
lowing formula:

S(p dy= Y L(p, d).

In the aforesaid embodiment of the four directions, the total-
ity formula is represented as following:

S, d)=Loe(x,d)+Laso(%,d)+Looe(x,d)+L 1 350(%,d)

In the step of selecting the minimum path value for obtain-
ing the depth value, there are more than one S(p,d) to be
obtained after the depth value of each individual pixel is
calculated and selected, by that a minimum

rrbmS(p, d)

is selected to the depth value of this pixel in a formula as
following:

for d from O to a maximum searching area
(8, eqens < S(xd))
Spresent = Spresent
disparity = no change
else
Spresons = SC5d)
disparity = arg,(S(x,d))

Thus, when S ..., <S(x,d), it represents that the similarity of
the right image is higher than before, and thus the value of
S esens 15 replaced by the current value of S(x,d) while the

disparity is updated to the current depth value. On the other
hand, when S >S(x,d), no change will be made.

resent
To sum upfthe object of the aforesaid semi-global block
matching (SGBM) algorithm can be summarized as follow-
ing: (1) determining the disparity inside a searching area for
obtaining the depth value of a pixel; (2) repeating the match-
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ing cost calculation, the path calculation, and the calculation
of sum over paths in all directions; (3) choosing minimum
path and getting disparity.

The depth calculation unit 22 transmits the depth value to
the tail-light detection unit 221 to be used as a base in a
calculation for obtaining a front-vehicle-tail-light depth value
while transmitting the front-vehicle-tail-light depth value to
the distance conversion unit 222.

Please refer to FIG. 4, which is a schematic diagram show-
ing the relationship between an origin vehicle and the tail
light of another vehicle in front of the origin vehicle. The
distance conversion unit 222 is used for calculating and thus
obtaining an actual distance and a vehicle speed according to
the initial value and the front-vehicle-tail-light depth value.

Operationally, the distance conversion unit 222 is enabled
to perform an automatic calibration initiation process, by that
distances relating to two tail lights can be obtained, i.e. (X,Y).
Thereby, an actual distance can be calculated using the dis-
tances (X, Y) that is scaled by a scale and adjusted by the slope
ratio of the captured image.

In FIG. 4, the first calibration distance of a first tail light is
S; the second calibration distance of a second tail light is
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S+W; the actual distance of a third tail light is D+S+W; and
the ratio between the captured image and actual distance is 10
m. Thus, Z=X-Y; M (slope ratio)=W+Z; D=(Y-L)xM;
(D+S+W)xscale=actual distance. It is noted that X, Y, W, S,
and L are all distances that can be obtained by the depth
calculation unit 220 and the distance conversion unit 222.

Please refer to FI1G. 5, which is a schematic diagram show-
ing the relative speed between two vehicles. The distance
conversion unit 222 can be used for obtaining an actual dis-
tance. Assuming that the distance conversion unit 222 obtains
a first actual distance S, at time t,, and then obtains a second
actual distance S, at time ty+7, consequently the relative
speed between the origin vehicle and the front vehicle is
V=(8,-S,)+T.

At step S2, the distance conversion unit 222 is used for
obtaining a safe distance according to the aforesaid relative
speed in a manner that: the safe distance=response timex
relative speed+braking distance. It is noted that the response
time and the braking distance can be varied according the
driving condition and the road condition, as stated in the
following table.

Friction

speed (km/hr)

coefficient 20 25 30 35 40 45 50 55 60 65 70

tar
(new) 0.85 1.8 23 42 56 74 93 11.5 14 166 199 23
dry (1~3 yr) 075 2 32 46 64 84 105 13 16 18 228 26
parched (>3 yr) 0.7 22345 69 9 115 141 17 202 24 279
dam (new) 0.8 1.9 32 44 6 88 10 122 15 17.9 21 245
wet (1~3 yr) 0.65 2.4 37 54 74 95 122 154 184 22 26 30
>3 yr) 0.6 26 41 59 8 105 134 165 20 24 285 322
concrete
(new) 0.9 1.7 27 38 53 69 89 109 132 16 186 218
dry (1~3 yr) 078 1.9 22 45 6 79 102 125 15 182 211 25
parched (>3 yr) 0.7 22255 67 89 114 142 17 205 24 28
dam (new) 078 1.9 3.1 45 6 79 102 125 15 182 211 25
wet (1~3 yr) 0.7 22355 67 89 114 142 17 205 24 28
>3 yr) 0.62 25 38 56 7.6 102 127 16 191 23 269 315
sand 0.68 23 315272 9 116 14 172 21 24 28
It is noted that after braking, a travelling vehicle will keep
moving for a specific distance. The following table describes
45 the relationship between the braking distance in relative to the
response time.
Friction speed (km/hr)
coefficient 20 25 30 35 40 45 50 55 60 65 70
tar
(new) 0.85 1.8 23 42 56 74 93 11.5 14 166 199 23
dry (1~3 yr) 075 2 32 46 64 84 105 13 16 18 228 26
parched (>3 yr) 0.7 22345 69 9 115 141 17 202 24 279
dam (new) 0.8 1.9 32 44 6 88 10 122 15 17.9 21 245
wet (1~3 yr) 0.65 2.4 37 54 74 95 122 154 184 22 26 30
>3 yr) 0.6 26 41 59 8 105 134 165 20 24 285 322
concrete
(new) 0.9 1.7 27 38 53 69 89 109 132 16 186 218
dry (1~3 yr) 078 1.9 22 45 6 79 102 125 15 182 211 25
parched (>3 yr) 0.7 22255 67 89 114 142 17 205 24 28
wet (new) 078 1.9 3.1 45 6 79 102 125 15 182 211 25
wet (1~3 yr) 0.7 22355 67 89 114 142 17 205 24 28
>3 yr) 0.62 25 38 56 7.6 102 127 16 191 23 269 315
sand 0.68 23 315272 9 116 14 172 21 24 28
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Moreover, the distance conversion unit 222 is used for
comparing the safe distance to an actual distance so as to issue
an alert signal to an alarm module 23 when the safe distance
is larger than the actual distance.

At step S3, when the alarm module 23 receives the alert
signal, the alert signal is used for enabling one procedure
selected from the group consisting of: enabling an audio unit
231 to generate an alarming sound, and enabling a display
unit 230 to display the alert signal. It is noted that the audio
unit 231 and the display unit 230 can be configured to operate
independently or simultaneously. Moreover, the display unit
230 can be configured for displaying images captured in step
S1, whereas the captured image, the initial value, the dispar-
ity, the depth value, the front-vehicle-tail-light depth value,
the actual distance and the safe distance can all be stored in
the memory module 3.

At step S4, an evaluation is made for determining whether
the actual distance in increasing; if so, the process proceeds to
step S5; otherwise, the process proceeds to step S6. At step
S5, as the increasing of the actual distance represents that the
origin vehicle is braking within a specific period of time, thus
the trip computer is enabled to issue a signal to the data
transceiver 11 where it is further being sent to the calculation
assembly 2 for stopping the alarm module 23 from generating
the alert signal. At step S6, when the origin vehicle is not
braking during a specific period of time, the brake control
module 24 is enabled to generate a brake signal which is being
transmitted to the trip computer via the data transceiver 11 so
as to enable the origin vehicle to brake and thus the actual
distance can be increased.

To sum up, the automatic tracking collision avoidance sys-
tem of the present disclosure uses at least two photograph
units for taking real-time RGB images in front of an origin
vehicle while transforming the captured RGB images into
grey-level images, and thus performing an edge detection
algorithm of Sobel operator upon the grey-level images for
edge detection.

Before transform the RGB images into grey-level images,
the RGB images are processed by a level calibration process
and a background light calibration process while being
applied in a calculation of disparity and depth perception for
front view and rear view evaluation, and thus obtaining dis-
parity and depth values. By the obtained disparity and depth
values, a tail-light identification algorithm can be enabled for
obtaining a vehicle distance.

In addition, a data transceiver is used for transmitting the
actual speed of the origin vehicle to the calculation assembly
to beused in an evaluation for determining whether to issue an
alert signal.

With respect to the above description then, it is to be
realized that the optimum dimensional relationships for the
parts of the disclosure, to include variations in size, materials,
shape, form, function and manner of operation, assembly and
use, are deemed readily apparent and obvious to one skilled in
the art, and all equivalent relationships to those illustrated in
the drawings and described in the specification are intended to
be encompassed by the present disclosure.

What is claimed is:
1. An automatic tracking collision avoidance method, com-
prising the steps of:

taking images in front of an origin vehicle by at least two
photograph units;

delivering the images to a calculation assembly for trans-
forming the images from images of three primary colors
to grey-level images;
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obtaining a relative vehicle speed of the front vehicle cor-
responded to the original vehicle according to the grey-
level images; and

enabling the calculation assembly to calculate and obtain a

safe distance according to the relative vehicle speed,
while making an evaluation to determining whether the
safe distance is great than a distance between the origi-
nal vehicle and the front vehicle, if so, enabling an alarm
module to generate an alert signal;

wherein the images are transmitted to a grey-level process-

ing unit where the images are transformed from images
of three primary colors into grey-level images, while an
alignment unit is enabled to perform a level calibration
process and a background light calibration process upon
the image of three primary colors, and thereafter, the
calibrated images of three primary colors are transmitted
back to the grey-level processing unit to be transformed
into the grey-level images.

2. The method of claim 1, wherein an edge detection unit is
provided for detecting and obtaining edges of the images,
while a depth calculation unit is provided for calculating and
thus obtaining a depth value and a disparity according to the
detected edges of the images.

3. The method of claim 2, wherein the depth value is
obtained using a semi-global block matching (SGBM) algo-
rithm.

4. The method of claim 2, wherein the semi-global block
matching (SGBM) algorithm includes the following calcula-
tions: a matching cost calculation; a path calculation; a cal-
culation of sum over paths in all directions; and a calculation
of choose minimum path and get disparity.

5. The method of claim 2, wherein a tail-light detection unit
is used for obtaining a front-vehicle-tail-light depth value
according to the depth value; and a distance conversion unit is
used for calculating and thus obtaining an actual distance and
avehicle speed according to the front-vehicle-tail-light depth
value.

6. The method of claim 5, wherein a front-vehicle distance
measurement unit is used for detecting and thus obtaining a
front-vehicle distance between the origin vehicle and a
vehicle in front of the origin vehicle; a front-vehicle distortion
calibration unit is used for receiving the front-vehicle dis-
tance to be used in a distance calibration process so as to
obtained a calibrated front-vehicle distance to be transmitted
to the distance conversion unit, while enabling the distance
conversion unit to perform a calculation according to the
calibrated front-vehicle distance for obtaining an initial
value, and thus obtaining the actual distance and the vehicle
speed according to the initial value and the front-vehicle-tail-
light depth value.

7. The method of claim 1, wherein a distance conversion
unit is used for comparing the safe distance to an actual
distance so as to issue an alert signal to an alarm module when
the safe distance is larger than the actual distance; and the
alert signal is used for enabling one procedure selected from
the group consisting of: enabling an audio unit to generate an
alarming sound, and enabling a display unit to display the
alert signal.

8. The method of claim 1, further comprising the step of:

making an evaluation to determining whether the actual

distance is increasing, if so, stopping the alarm module
from generating the alert signal; otherwise, enabling a
brake signal to be generate for enabling the origin
vehicle to brake when the origin vehicle is not braking
during a specific period of time.
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9. An automatic tracking collision avoidance system, com-
prising:
an on-board module; and
a calculation assembly, connected to the on-board module
for signal transmission, further comprising:

an image capturing module, having at least two photo-
graph units;

an image processing module, connected to the image
capturing module for signal transmission, and further
comprising:

a grey-level processing unit, connected to the image
capturing module for transforming an image of
three primary colors that is received from the image
capturing module into a grey-level image;

an alignment unit, connected to the grey-level pro-
cessing unit for performing a level calibration pro-
cess and a background light calibration process
upon the image of three primary colors while trans-
mitting the calibrated image of three primary colors
to the grey-level processing unit; and

an edge detection unit, connected to the grey-level
processing unit for detecting and obtaining image
edges according to the grey-level image;

a calculation module, connected to the on-board module
and the image processing module, and further com-
prising:

a depth calculation unit, connected to the edge detec-
tion unit for calculating and thus obtaining a depth
value and a disparity according to the detected
image edges;

a tail-light detection unit, connected to the depth cal-
culation unit for calculating and thus obtaining a
front-vehicle-tail-light depth value according to the
depth value; and

a distance conversion unit, connected to the tail-light
detection unit for calculating and thus obtaining an
actual distance and a vehicle speed according to the
front-vehicle-tail-light depth value; and

an alarm module, connected to the calculation module
for generating an alarm signal in a condition when the
actual distance is smaller than a safe distance.

10. The system of claim 9, wherein the on-board module
further comprises:
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a data collector, connected to a trip computer for signal

transmission; and

a data transceiver, connected to a data collector for signal

transmission.

11. The system of claim 10, wherein the data transceiver is
a device selected from the group consisting of: a blue-tooth
device and a WiFi device.

12. The system of claim 9, wherein the calculation module
further comprising: a front-vehicle distance measurement
unit and a front-vehicle distortion calibration unit, and the
front-vehicle distance measurement unit is connected to the
front-vehicle distortion calibration unit and is used for detect-
ing and thus obtaining a front-vehicle distance between the
origin vehicle and a vehicle in front of the origin vehicle while
transmitting the front-vehicle distance to the front-vehicle
distortion calibration unit; and the front-vehicle distortion
calibration unit is used for performing a distance calibration
process upon the front-vehicle distance so as to obtained a
calibrated front-vehicle distance while transmitting the same
to the calculation module to be used in a calculation process
for obtaining an initial value.

13. The system of claim 12, wherein the front-vehicle
distance measurement unit is a device selected from the group
consisting of: an ultrasonic ranger finder and a laser range
finder.

14. The system of claim 9, wherein the alarm module
further comprises: an audio unit and a display unit.

15. The system of claim 9, further comprising:

a memory module, connected to the image capturing mod-

ule and the calculation module for signal transmission.

16. The system of claim 15, wherein the memory module is
a device selected from the group consisting of: a memory, a
hard disk drive and a memory card.

17. The system of claim 9, wherein the calculation assem-
bly further comprises:

a brake control module, connected to the calculation mod-

ule for signal transmission.

18. The system of claim 9, wherein the image capturing
module further comprises:

a temporary storage unit, connected to the at least two

photograph units for signal transmission.
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